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pillow basalt, and shallaw-watcr Ilriilons, and 
upper Palaotolc fossil! ferous llaesuno, 
sandstono, chert, and updated pi lie* basalt. 

*« Chulltna tnrrane— Upper Devonian oph loll U. 
uppor Paleoiolc chert, volcanic eonjlo«rsi»i 
limestone, and riysch. Lower Trlasslc li«sii" e ' 

Upper Trlasslc redbeds, basalt, and lloestonai 
lator Haioiolc rocks are sandstone, chert. *“ 
drgll I He. fl. West Fork torrane— Jurassic 
chert, sandstone, cangloaierato, and Trlasslc (<) 
and Jurassic crystal luff. 9. Broad Pass 
terrene— upper Paleoiolc chort, tuff, l"d 
argil II to, wlLh blacks of Devonian and sWsr 
llneilone locally associated with serpantlniia. 

Iheie diverse terranes, of railed ocaanlt a M 
continental afrinitas, aro row Juataposed to 
fora a complox sequence of folded and faulted 
rootless nappes. Major suture tones bet«en 
thorn are occupied by Intensely deforraed upper 
Mesozoic flysch. All of the terranos differ 
raarkedly from vranggllla which originated near 
tha equator, probably In the southern 
hemisphere, PaleolatUudos ror terranes In tne 
central Alaska Range are not yet deterraleedi but 
other lines of ovidanca {blageographlc and 
lithologic) suggest large-scale northarn 
transport for soma terranes. 
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The Challenge 
of Climate to Man 

Alan D. Hecht 

Climate Dynamics Program 
National Science Foundation 
Washington, D.C. 

How vulnerable Is the United States and world food sup- 
ply to a serious drought today? Will the burning of fossil 
fuel and the subsequent release of C0 2 to the atmosphere 
alter global climate? Is society today sufficiently resilient to 
respond to major climatic changes? Is there a coming Ice 
age? 

The Climate Challenge 

Around 900 A.D. a group of small villages was estab- 
lished in northwest Iowa by Indians of what we now call (he 
Mill Creek culture. Around 1400 A.D., after many prosper- 
ous years, the villages were abandoned. In the summer of 
1963, archeological and geological excavations of several 
sites of the Mill Creek culture began. While three major 
sites were excavated, one known as Phipps site provided 
tha clearest historical record of civilization In the area To 
reconstruct both the habits of the Mill Creek people and the 
environment in which they lived, scientists have studied a 
wide assortment of remains preserved In the strata of 
northwestern Iowa. Unnoticed without the aid of a micro- 
scope are the remains of pollen grains blown Into the area 
Irom surrounding trees. The pollen preserved In the strata 
can be read as an historic log of changes In the vegetation 
and climate surrounding the Mill Creek area. The village 
was occupied about 900 A.D. on the flood plain of Mill 
Creek. The pollen evidence shows that during the 10th and 
11th centuries, the Indians lived in a region with tail-grass 
prairie on the uplands and woods on the valley terraces 
and valley floors. This vegetation Is not very different from 
today’s if one substitutes 'cornfield' for 'prairie.' From evi- 
dence given by fossil bones found in the strata, It seems 
lhat deer and elk were abundant and were hunted by these 
Indians. The Indian meat diet appears to have been domi- 
nated by these animals, supplemented only occasionally by 
Wson. Maize was the main agricultural product. 

Toward the end of the 1 2th century major environmental 
changes occurred at Mill Creek. The influx ol oak pollen 
began to decline rapidly, while populus (probably cotton- 
wood) rose rapidly. The proportion of bison meat eaten by 
the Indians rose abruptly at this time. Within a few decades 
in Ihe 12th century the vegetation In the entire area 
changed from tail-grass prairie on the uplands and foreskin 
toe larger valleys to steppelike vegetation and essentially' 
only phreatophytes along the streams in all but the major 




TRANSACTIONS, AMERICAN GEOPHYSICAL UNION 

Ihe Weekly Newspaper of Geophysics 

Sand double-spaced manuscripts (lour copies) lo Eos, AQU. 
^Florida Avenue, N.W., Washington, D.C. 2000B, or send 
directly to one of the associate editors with a copy to the 
^address. 

SS°" A.F. Spllhaus, Jr.: Associate Editors: Claude J. 

Peler M. Bell, Kevin C. Burke, Arnold L. Gordon, Kristina 
5i5™ L 8 ' Qer ard Lachapelle, Christopher T. Russell, Richard A. 

T Ru'K Sean C ' Sol °mon, Carl Klsellnger; News Writer: Barbara 
■ Mtchman; Editor's Assistant: Sandra R. Marks; Eos Pro* 
fa™ i" Patricia Bangert, Margaret W. ConellBy, Eric Gar- 
n. James Hebblethwalte, Dae Sung Kim, Michael Schwartz. 

of the Union 

^Wlson, President; James A. Van Allen, President-Elect; 
r story- 4 r 6 l ed ^, General Secretary; Carl KlBSlInger, Foreign Sac- 
iiftwrii ' F ' s P |lhaua . Jr., Executive Director; Waldo E. Smith, Exec- 
l ™ Va Director Emeritus. 

ftjft lhal m ®et8 AGU standards Is accepted. Contact Robin 
01 adv ertlslng coordinator, 202-462-8903. 

American Geophysical Union (ISSN 0096-3941) 
wed weekly by the American Geophysical Union from 2000 
aC AVBniJ e, N -W., Washington, D. C. 20009. Subscription evall- 
Washi™? que8, 1 11118 l8Sue $5.00. Second-dass postage paid at 
Hflton, D. c., and at additional mailing offices. 

SfiSf?. 1 ®® 1 by the American Geophysical Union. Material pub- 

ISSUa msv Ha nhntAAAnla^ Hi/ InHfulHi ifll ' atI A ntlRtA fOT 


fe $&arrfi 88ue ma ^ bs Photocopied by individual adenosis tot 
D ud.. On ^.‘? ,afi8r00rT1 use. Permission Is also granted to ubo Bhort 
tomato e 0ure ® and tables for publication In sdentific books and 
ifcatl&ie'rto perm,S8| oh for any other uses, contact AGU Pub- 
2000g Ufl C6, Florida Avenue, N,W., Washington, D. C. , 

■ • ' ' J • * . 

‘tei5l? 8ed ln Ws Publication are those of the authors only and 

iflaas ^ZTZT° nSOf the Amarlcah Qeop b y8,cal Unlon . 

sya^J' nfSl 1erna,ic Ulusfmtlon of the components pf the cilmatlp 
tows ar'a oJ* a/rDV ^ 8 are examples or external processes; open ari. 
(From » 1 1 ?/?!?* of ,ntarnat processes . In Climatic 1 changes, ■ 
msica) UA Gllmata Program PlaririJOAA;; Deparifnent of Cdn- ■ 


lnmL F radlocart) on-dated samples of charcoal and 
nf°^ii h9 a ? cumulatton rate of sediment at the site the rale 
o pollen changes In this area can be estimated The de 

in tess than front ,rom ** s maxlmum ‘o minimum occurred 
8 **? Jfy ' The ra P ld ri S0 of grass pollen took 
about 45 years; the rise of phreatophytes about 15 years 

Ihe 0n 0, J h u chan9BS in P° ,len Preserved in 

Z M Crtt fri, 3 and ,he ChanS0S in ,eed, "9 habits ol 

Km T.nhf iL n a K 8 8U99est ,he be 9 |nri lngs of a long- 

hfa^l nrlcn Ff rhaps ° ne 0r lwo 9 0nera| i°ns (45 years) 
ne tail-grass prairies were replaced by short press The 

hn nWO f S a z nd Wlllows along thB s,rea m banks were 
ttr 8 .^ n8 f the forest ,hal once fi,,ed lhe valleys. 

Srdfofthe an ? S b K° WS0r ’ dlsa PP eared - and two 
“ ' the m0at 08,00 by the Mill Creek people came 

C° 0k bl Z n « nfh in9 , ar ! ima, ■ Furthar W08 « ^e Mill 
So le k rm no m h archaeological evidence indicates lhat 
Ihefarmlng villages disappeared entirely, 

Rn«nn «nri C H r f 0k f e has b00n 0X,0n8| vely Studied by Reid 
sE oMhf.f ea9 ,. U08 at th0 ,nsmute for Environmental 
O University of Wisconsin [Bryson end Baer- 

Zii ™-™ 1 f £■ 1970i - Their documentation ol the 
araughl conditions In this area during lha 12th to the I4lh 

Mntury is relevant to society today since this area is now a 

Hn tnH S cf 9 wb0at ' malze - and soybean region lor Ihe 
United States. The drought at Mill Creek forced ihe aban- 
donmenl of a corn-farming community which had lasted for 
ouu years. 

Today, centuries later, In a highly developed technoloqi- 
ca socle y, we still face problems similar to those ol the 
Mill oreek Indians, although we possess much greater 

P °!? 0 u r n, Of hlnds| 9 ht and foresight In the matter of climate 
vanablllly and change. There Is growing apprehension, lor 
exampie, that man-made Increases in atmospheric C0 2 are 
conlributing to a global climate warming on a scale yet to 
be experienced In historical times. There is some scientific 
evidence lo suggest that such a change could spell a grad- 
ual warming and drying of the environment once occupied 
by the Mill Creek Indians and now the center of U.S. agri- 
cultural production. In the more Immediate future, there is 
renewed concern over Ihe possibility of a recurrence of a 
severe drought, an event which threatens sudden disrup- 
tion to an increasingly global food system. 

Problems of both long-term climate change and short- 
term variability— of C0 2 and drought in particular— are ex- 
plored at greater length In this essay. 


Drought in the Great Plains 

Man and drought have been at odds since the dawn of 
civilization. In the continental U.S.. droughts have been 
known, according to historical documents, since the early 
1600's [Ludlum, 1971]. 

To a first approximation, droughts have occurred in the 
mldwesfem U.S., and the Great Plains In particular, roughly 
every 20 years, although their distribution and intensity 
have been quite different for each drought period. For ex- 
ample, tha droughts in 1910, 1911, 1913, and 1917 were 
short, severe, and spatially limited, as was Ihe drought in 
the 1960's. The drought of the 1930's, however, was wide- 
spread and persistent. No drought since has equaled the 
Intensity, areal extent, and persistence of Ihe drought of lha 
1930’s. 

The severity and duration of aridity in the area can be re- 
lated to moisture balance by a meteorological index devel- 
oped by Palmer [ 1965). The Palmer Drought Severity Index 
(PDSI) is based on an empirical water balance approach. 
The normal amount of precipitation received in an area is 
dependent on the average climate and Ihe meteorological 
conditions of the area both during and preceedlng the 
month or period In question. The Palmer Index computes 
the required precipitation for any area. The difference be- 
tween the actual and computed precipitation Is a measure 
of the deviation of the amount of moisture from the long- 
term mean. The index is structured to correspond to a wide 
range of moisture conditions, as shown In Table 1. 


PATTERNS OF GREAT PLAINS DROUGHTS 


BasGd on Palmar Indon Values avor a'jod over four 
montha, Hay through August, by climntlc division. 
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Fig. I. Patterns of Gronl Plums dr oughts by geographic rti vi- 
sion. based on PDSI values averaged from Mny through August 
(From Warrick (1980]: reproduced wiih permission of tho author.) 


rence in tho Great Plains of noarly every 20 years is often 
the basis for postulating links between these activilios. 
Mitchell et al. [1979] have provided some empirical evi- 
dence for coincidence in frequency between sunspot activi- 
ty and drought intensity. Those authors built their analysis 
on the established relationship between variation in the 
width of trees and climate ( Fritts . 1976). in their study the 
variations in tree ring width tor the western U S. was corre- 
lated with calculated values for PDSI An equation relating 
lhe two variables was derived and used to determine PDSI 
for limes before meteorological records In the end. PDSI 
were determined for approximately 40 localities west of the 
Mississippi River lor the period from 1 700 to the present 
Areas where the PDSI were of equal values ( - A, -3. -2. 
and - 1) then were grouped for each year to produce a 
Drought Areas Index (DAI). This index was then analyzed 
by spectral techniques. The dominant trequency identified 
in these series was 22 years Thus both sunspot activity 
and drought frequencies in the western U.S. have the same 
frequency. Mitchell el al.’s detailed analysis and conclusion 
provide an excellent perspective on what this coincidence 
means. 

From the viewpoint of solar physics and solar terrestri- 
al mechanisms of potential relevance to climate, our 
results would clearly seem to imply a role of solar 
magnetic activity in giving rise to widespread drought 
In the western U.S. This role may be either direct or in- 
direct. It is our impression that the solar control of 
drought Is not (o be construed as a prime mover of 
drought or of climatic aberrations lhat result In drought. 
Rather, we prefer lo think that the solar control is in 
the nature of a modulating mechanism, lhat allerna- 
livaly favors or discourages lhe spread o! drought at 
times when terrestrial climatic developments] unrelated 
to solar events are primed to erupt into a drought situ- 
ation. 


Palmer Index 


TABLE 1 . Drought Severity Index (PDSI) 
ndex Degree of Drought 


S -4.0 
£ -3.0 
s - 2.0 
s - 1.0 
< + 1.0 
< + 2.0 

< +3.0 

< +4.0 


Extremely dry 
Severely dry 
Moderately dry 
Mildly dry 
Near Norma! 
Mildly wet 
Moderately wet 
Severely wet 
Extremely dry 


Classification of moisture conditions, based on a scheme devel- 
oped by the meteorologist, W. C. Palmer. Index refers lo meteoro- 
logical rather than soli conditions. ! . 

The PDSI is one of several drought Indices calculated by 
Department of Commerce/NOAA for Ihe entire U.S. the In- 
dex can be read as a measure of local areal moisture that 
Is relative to lha long-term mean. The formula for making 
this calculation also Includes a ’memory’ term for conditions, 
daring previous months. An Important property ol the PDSI 
Is that the same number In different locations iheans rough- 
ly the same relative degree of drought. 

Figure i, for example, Shows the reconstructed PDSI val- 
ues for 64 climatic divisions in the Greal Plains lor the peri- ; 
od 1931 to 1977 [)Vartfcfr, Tfl80j. These data show lhat the 
drought of the 1 930’s has not been duplicated, In both In- 
tensity and duration, by subsequent draught. The 1950’s 
drought matched that qf the 1930’s In severity but was lim- 
ited to certain portions- of the central arid southern Plains. 
Isolated drought occurred In Ihe 1 080’s end 1 97Q’s. 

■ The fact that there Is a well-known (but poorly under- , 
etood) sunspot cycle of nearly 22 years and drought occur- 


These results provide no Justification for using sofar vari- 
ability as a reliable basis for climate or drought prediction. 
’Our data make it abundantly clear that a wet year can ar- 
rive al a lime when lhe Sun ’’says” it should be a drought 
year, and lhat a major drought can develop when the sun 
’’says" there should be no drought.’ 


Drought and International Politic* 

Tha lessons of Mill Creek and the historic records of 
drought in the Midwest underscore the recurrent nature of 
drought and its Impact on society. From lha time of the first 
sodbusters In this region, in the late 1800’s, to today, the 
Greal Plains has grown in importance aa a major food-pro^ 
duclng area, ft accounts for 12%~15% of the workfa total 1 
wheat production and 61 %-65% of ihe na lion's wheat. The 
U.S. also provides 40%M5% of the world's total wheat 
trade,* This blessing from the land is the product of sophia* 
Healed technology and a generally favorable climate over ■ 
the last 100 years. 

The question of how much each of iheae variables (tech* 
nqfogy arid weather/climate) affect crop yield is donl/over- ; 
slal and unresolved. It is an extremely important question, j 
however, since If affects the types of management strata- ‘ 

. gles used In agricultural decisions. One school of thought ' 
maintains that the sensitivities of crop yields to drought has 

'Figures are based on 1975-1976 In Agricultural Statistics, 1979 
USDA. • 


'The National Climate program Act: Hearings before tha Si& j • 
oommltlea on the Environment and tha Atmosphere of the Commit- 
tee on Science and Technology (94fh Congress, 2nd Session), j 
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Fig. 2. Trends In wheal yield In Kansas. (From Warrick [1930]; 
reproduced with permission ot (he author.) 


been reduced (over the past 30 years) because of ad- 
vances In technology (see. (or example, Newman , 1978]. A 
second school of thought suggests that crap yields are sen- 
sitive to sharp declines from drought, even given new tech- 
nological advances (as, for example, McQufgg et ah, 1973]. 

A major barrier for resolving this question is the stubborn 
problem of separating weather and technological factors In 
agricultural producllon. It Is probably unrealistic to expect a 
solution to the problem when comparisons are made at the 
level of large geographic areas that cross climatic and/or 
geologic zones. Warrick [1980] suggests a different ap- 
proach lo the problem that focuses on slates, crop-report- 
ing districts (which coincide with state climatic divisions tor 
the Great Plains), or counties. His analysis ol wheat yield In 
Kansas over the period 1890 lo the present suggests a 
sensitivity to drought conditions. Figure 2, (or example, 
shows yield trends in Kansas separator! by good weather 
and bad weather years. If technological improvemenls in 
yield type or in management have occurred over this period, 
it might be expected that the two curves for good and bad 
weather years would in lime converge. In other words, (f 
the agricultural system had become bolter in dealing with 
drought conditions, the relative difference between expect- 
ed good yield and expected poor yields would decrease 
over limo, but thoy do not. In terms of absolute bushels the 
curvos In Figure 2 actually divergo. This is a warning, at 
least For wheat production in Kansas, that agriculture has 
not completely engineered climate out ol the picture of crop 
producllon. 

As the Midwest is an important food source, a danger 
Jies ahead in not knowing how resistant the area is to a re- 
currence of a 1930 s -type drought. Richard Warrick at the 
National Center for Atmospheric Research and his collabo- 
rators at Clark University are addressing one ol the more 
important questions of the lime, namely what would be the 
global impact if such a drought occurred In (he Great 
Plains. Warrick’s important preliminary findings from linking 
climate yield and global food trade models suggest that a 
recurrence of a 1930’s drought in today's world might in- 
duce famines in grain-import-dependent regions that would 
exceed, in total deaths worldwide, any similar catastrophe 
since the 1930’s. Further model-linking analyses are being 
performed to explore this question in greater detail [Warrick 
and Kates, 1981]. 

The relationship between climate and society today is far 
more complex than during Mill Creek times. Complex man- 
agement decisions and political, economic, and social pat- 
terns today can serve lo increase or lessen the environ- 
mental impact of climate change. The 1968-1973 draught 
in semiarid West Africa (Sahel) is a case in poinl. 

Social scientists have documented that political, econom- 
ic, and agricultural factors were partly responsible for the 
magnitude of the crisis in the Sahel [Glantz, 1977], Man 
may have helped create or intensify the drought by destruc- 
tion of vegetation which, in turn, increased suriace albedo 
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and thereby decreased rainfall iCharney, 1975]. This proc- 
ess can- turn marginal lands, such aa the Sahel, n o 

S0 The lesson of Mill Creek, in a broad sense, is ita i under- 
line the relationship between climate and man Climate can 
be thought of as a natural resource, a concept originally 
developed by Landsberg [1948], How society responds to 
climatic fluctuation, how It manages its resources In ligh of 
climatic change, and how It may alter global climate by Its 
own activities may well be measured, by he year 2000 . in 
economic terms, population Increase, and perhaps world 
famine. National and international programs are now being 
developed to understand better the role of climatic process- 
es In shaping the world's economy and welfare. 

Policy Implications 

The decade of the 1970's was characterized by suffi- 
ciently adverse social and weather conditions In many parts 
of the world as to suggest to many in policy, management, 
and government positions that more attention should be 
paid to understanding the Impacls of climate on society. A 
1974 report from a committee of the existing Domestic 
Council ('A United Stales Climate Program’) said: 

The food and energy crisis Is being sharply Intensified 
throughout (he world by the natural fluctuation of re- 
gional climate. Longer-term changes In climate, wheth- 
er naturally occurring or resulting from man’s activities 
or both, may be leading to new global climate regimes 
with widespread effects on food production, energy 
consumption, and water resources. These circum- 
stances have created an urgent need for a program 
that can offer hope of knowing and anticipating the ef- 
fects of climate fluctuations and changes here (U.S.) 
and around the world. A U.S. Climate Program Is pro- 
posed which will enable the U.S. Government lo meet 
this need. 

Between 1974 and 1977, while numerous government 
committees and the National Academy of Sciences devel- 
oped various aspects ol an integrated U.S. climate pro- 
gram, the U.S. Congress began considering legislation for 
the initiation of a nalional climate program. On May 18, 
1976, the House Subcommittee on the Environment and 
the Atmosphere (of (he Committee on Science and Tech- 
nology) mot under the chairmanship of Congressman 
George Brown (D., Calir.) for the first of 6 days of hearings 
on the subject of climate and related research.' 

Congressman Brown's opening remarks reiterated the 
(heme that the 1970's were turbulent social and climatic 
limes. 

I am sure that events In recent years have made us 
all aware of the impacts of climate on mankind. Per- 
haps the most memorable event was the drought in 
Russia In 1972, which led to the infamous grain sale. 
Along with the concurrent failure ol the Peruvian an- 
chovy fishing due to a changing ocean current, this 
was one of the major causes of the spectacular infla- 
tion In food prices during 1972 and 1973. More recent- 
ly, we have seen the effects of a disastrous drought in 
the Sahel, failures in the Indian Monsoons, and closer 
to home, a drought in the northern part of California 
which is badly affecting this year's crops. 

Despite the above perception, there Is actually no evi- 
dence that climate everywhere is becoming more variable. 
Chico and Sellers [1979], for example, have examined the 
variability of mean monlhfy temperatures in the United 
Slates since 1896. Their results show that the Interannual 
variability was greatest In the decade centered on 1930, 
and It has decreased steadily to a minimum in the decade 
centered around 1970. This trend In variability Is almost 
completely explained by changes in variability during the 
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winter months of December to February. The great thu** 
in variability for the U.S. occurred In the Midwest. Event! 
variability has not changed significantly over the past da- 
cades, the effects of climate variability have been felton 
society through economic and social hardship. 

For example, the economic Impact of the abnormally cow 
winter of 1976-1977 In the eastern half of the United 
States in agricultural losses alone was approximately $2 
billion. [Source: State Government News. April 1977 pub. 
fished by Council of State Governments.] 

Estimated Crop and Capital Investment Losses Durino Winter 
1976-1977 

Arkansas— $39 million total losses, including soybeans and hay" 
Future pasture production could require lengthy recovery. 
Georgia— Cattle producers hurt, pastures diminished. 

Indiana— $5.87 million loss to livestock, which will be difficult tor*, 
cover, and another $1 0.5 million agricultural loss, Including mft 
dumped. 

Kentucky— $1 08 million total losses, much o( It to livestock and lor 
Increased feed and labor cost for livestock. 

Louisiana— S60 million In cattle and crop losses, with long-range 
figure much higher. Many cattlemen sold foundation stock. Midi 
of sugar cane and citrus crop lost. 

Massachusetts— Problems with transportation of products and 
feed. 

Maryland— Agricultural loses of $25 million, Including livestock, 
broilers, wheat, and tobacco. Seafood Industry lost 40-50 days 
of harvest time In Chesapeake Bay that will have a long-range 
effect on oyster and blue crab Industry. 

Michigan— $156,000 in milk dumped because of snow-blocked 
roads. 

Mississippi— Excess of $100 million In losses, chiefly In catUe in- 
dustry. Following months of unprofitable cattle operations, the 
winter caused a severe strain on the ability of cattlemen to re- 
cover, Stress on breeding herds will be felt a long time. 

New York— At least $3.5 million In agricultural damage, some SM 
million worth of milk dumped, and $750,000 dairy cattle lost be- 
cause of barn collapses. 

Ohio— Total loss of $15.2 million. Including 93.00D livestock. 
Pennsylvania— Milk dumped; peach, winter wheat, barley, and al- 
falfa crops affected; pigs sold at loss; increased feed costs and 
bam cave-ins. 

South Carolina— Total loss of $4 1 .2 million in feed and cattle, live- 
stock producers need 93,363 tons of hay and 1.3 million bushels 
of grain to maintain herds. Request for federal aid denied. 
Tennessee— Up to $10 million in losses. 

Virginia— Total reduction In value of farm producllon of $150-4160 
million. Including 1 .2 acres ot hay and pasture affected and cop. 
nursery, livestock, and capital investment losses. Potential lam 
Income reduced by 11%. 

Total monetary losses $2,356.6 million. 

The 1980 summer drought in the Midwest and south cen- 
tral United States has also had significant economic and 
health effects. While the full impact of this drought Is not 
yet known, the heal and lack oi moisture has reduced crop 
yield significantly below previous year yields, and toial esii 
mated crop losses are over $1 billion [State Government 
News, Aug. 1980], 

While the 94th Congress considered the need lor a na- 
tional climate program, no legislation was successfully de- 
veloped. One year later, in June 1978, additional hearts 
were held by the Committee on Commerce, Science am 
Transportation of the U.S. Senate. 

The 95th Congress eventually passed a Natural Climai 
Program Act (P.L. 95-387), which was signed by PresP"' 
Carter on September 17, 1978. The act Is designed to es- 
tablish a comprehensive and coordinated national c we 
program. The act Is a realization that the effects of aima 
have Important social, economic, and political conse- 
quences and this should be given consideration In policy 
and resource planning. A 5-year plan to implement spoji 
goals of this national plan has recently been prepared oy 
the National Climate Program Office. t0 . 

While, since 1974, the U.S. has promoted the concep 
a national climate program, similar developments na v 
been underway In Europe. In February 1 979, the vvw 
Meteorological Organization (WMO) convened Ihe 
'World Climate Conference,' as a beginning In th® 1 de 
ment of a World Climate Program (WCP). The WCP, 
became effective In January 1900, will now be the rocu 
large-scale International programs In climate researen 
servlc© 

Additionally, the United Nations, through Its 
tal program (UNEP) is taking a lead role In promw f 1 
grams to study the Impact of climate on soctety. " Z 
Issue on UNEP's agenda Is the Impact of CO* on c 
and the resulting impacts on society. 

The Climate System: Recognlzlnfl 
From Nolee 

The effect of CO a or any other anthropogenic 
on climate must be distinguished above the natu is jwr . . 
ground of climate variability. Climate varies on ail : ; - : - 
scales, only a sampling of which Is discussed pwjjj 
The earth's climate Is characterized by 
of flux. It is ihe product of the interactions of the 
sphere; oceans and cryosphere, and the earth 8 
The cover figure shows a simple representation o ” 

Jor processes operating .within what may be wWKgft 
mate system,’ and. processes operating °ff.w IL& eK 
tem. Radiation jfrorti ihe syn. provides the 
ergy that drives this system. The variation of cnemk 
aerosol constituents of the atmosphere, such a ® 
dust, act to change' the amount 0* radiation JnciP^ v ^l^ 
earth’s surfa(»;- Th^:.rSdiatlon, once received 
surface,, drives ,the r atrjiodpherlc blrculatiori ( .w|^- t i® 
• ofosety' linked to thp plfCUJatlPh of the 



pllrnaterafe sometlnW 
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Weather Is the state of the atmosphere (described as com- 
pletely as possible with present observing capabilities) at 
one point in time. Weather prediction attempts to forecast a 
new condition of the atmosphere— given an initial atmo- 
spheric state— by the application of fundamental laws of at- 
mospheric motion. 

Climate results from an ensemble of weather events for a 
season, year, or longer period. A climate state Is usually 
defined In terms of average conditions as well as some 
measure of the variability within the time period under con- 
sideration. 

Although the same physical laws apply to both weather 
and climate, climate prediction is complicated by the need 
to consider complex interactions (as well as changes with- 
in) all components of the earth's climate system. For exam- 
ple, while it may not be necessary to consider the small 
changes in ocean temperature or circulation from one day 
to another for a successful weather forecast, such changes 
become Important when predicting atmospheric changes 
from one season to another. Similarly the changes in the 
geometry of the earth's orbit occur on a time scale that Is 
Important for deducing climate changes over thousands of 
years, but they are of no consequence to weather forecast- 
ing. 

Climate Variability: The Last 100 Years 

A summary of the ma]or features of climate variability on 
several different time scales Is shown In Figure 3. Northern 
Hemisphere average temperatures for the past 100 years 
show a general trend of increasing temperatures from the 
1660’s to the 1940’s, and declining temperatures thereafter. 
These temperature change are on the order of tenths of a 
degree, although the change from 1680 to 1940 Is a 
change of nearly one full degree centigrade. 
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3. Main trends In global cllmata over the past 1 million 
fMra. (From Report of the Ad Hoc Panel on Present Interglacial, 
Federal Council for Science and Technology, 1 974.) 


Allhough one of the mosl widely quoted climatic curves, 

It la one oi the mosl perplexing to explain. This temperature 
rccord Is characterized by large annual changes which tend 
to obscure trends In the curve. Temperatures have de- 
fined since 1940 but have leveled off since 1965. Since 
toon, surface temperatures have shown only a slight warm- 
ln 9 of 0.1° to 0.2°C. For average temperatures between 
surface and an elevation of 15,240 m, there has been no 
detectable change In temperature since 1965. Whether or 
rot the fluctuations In this curve are natural or, In part, af- 
tocted by anthropogenic factors is unknown. The curve has 
oi the principal characteristics of a temperature series 
Produced by stochastic processes [Robock, 1979]. The 
,rfl nd In temperature over this 100-year period is also in- 
versely correlated with the transmissivity of the atmosphere 
l“)«on and Goodman, 1079]. There exist many other cli- 
roete time series for all or part of the last 1 00 years, Includ- 
Hfl data on sea surface temperatures and atmospheric 
fissures. Barry et ah [1979] provide a short review ot 
630 climate Indicators and what they say about short- 
climate variability. Most of the data sets are relatively 
ort (3o years or less) and cannot be used to document 
Wfl 3®r-temn variability In this time period. 

Ornate Variability: The Last 1 0OO years 

l^flure 3b provides a -genera) picture of climate variability 
^ be past 1000 years. For this time Interval there Is no. 

rot measure of climate comparable to the Northern 

^sphere temperature curve shown In Figure 3 a. Rather 
localized climate records complied from ob6erva- 
2 '* h,8t °rical, and proxy data. Lamb [1969], for.example, 
hbJ? mp " e<1 an index of winter severity in Europe, from 
iTX documents. LaMarche [1 974], using' variations In . 

ring widths as a proxy Indicator of temperature and 
0 5J5 Jr ®. h M reconstructed a near 1000 'year climate re* 
hl “mountain areas Iri California. Dansgaerd e(J?h 
jiJ have, developed a unique climate recorri for Green- 
fta, 5 s * 1 . on isotopic chemical changes In Ice, ooresj' ™ . 
Hons 9 ff [l879] have. reconstructed, from tree ring jvarla: 
sura r^9 :y ® ar temperature, 1 precipitation, ■ andal r, p res- : 
record , for the. United SfeteS. These and many other : 
lT®' 0 records indicate that tKe earivtoart of the lastmil" > 


and is referred lo as the Medieval Warm Period. By con- 
tras , the period between 1430 to 1850 was significantly 
cooler fn Europe and eastern North America and Is referred 
to as the Little Ice Age. 

Some finer detail of climate variability over part ot this 
time interval for the U.S. can be seen In Ihe tree ring dala 
analyzed by Fritts. Frills' data allow a comparison ol the 
general characteristics ol each season for the past 400 
years as reconstructed from tree ring variations. Some slm- 
pfo statistics can show how often severe winters like 
1976-1977 and 1977-1978 have occurred in the past. Dur- 
ing the 378 years from 1002 to 1978. Ihe frequency of win- 
ters with a circulation pattern like 1976-1977 was 0.178 or 
17.8 years per century. The frequency of winters like 197 7- 
1978 was fl.6 years per century. Frequencies of winters like 
1976-1977 varied the most Irom one CBntury to another 
and were very frequent In certain time intervals. For exam- 
ple, th8 reconstructed circulation patterns between 1615 to 
1665 resemble the winter of 1976-1977 wfth a frequency of 
57.4 years per century. During the same time interval, the 
winters of 1977-1978 occurred only 12.5% of the lime. 

From 1667 to 1729, no reconstructed winter circulation pat- 
tern resembled the winter of 1976-1 977, and only 8% were 
similar to 1977-1978. 

While there are many suggested causes for climate vari- 
ability on this scale, a relationship with solar activity, as 
measured by sunspot occurrence, is often given promi- 
nence. While solar activity as measured by sunspot num- 
bers has varied In a quasl-perlodlc fashion since the 
1700’s, there appears to have been a minimum of solar ,nc- 
tivity during the late 17lh century. Eddy [1976], working 
from historic document of visual sitings of sunspot activity. 
Identified the period 1650-1710 as a tow in sunspot activi- 
ty. While Landsberg [1946] has recently identified, from 
newly studied historic diaries in Germany, a targe number 
of sunspot and auroral observations made during (he peri- 
od 1685-1688, the total number oi observed sunspots was 
still much less In the mld-17th century than at later periods. 
This period o( time, termed the Maunder minimum, corre- 
sponds in time with a part of (he 'Little Ice Age' in Europe. 
This correlation has been widely cited as a reliable (ink of 
sun and climate, it may not be so. 

Historical data, by its very nature, is often incomplete and 
imprecise. Using such dala as the sole basis for establish- 
ing a minimum of sunspot activity Is therefore bound (o be 
controversial. Reliable physical evidence that is accurately 
measured and global in representation does provide better 
proof of varying solar behavior. This evidence comes from 
carbon-14 fluctuations as observed and recorded in the an- 
nual growth of trees 

The production rate of carbon- 14 in the upper atmo- 
sphere changes with time because the galactic cosmic ray 
flux responsible for C" 14 production is modulated by 
changes in the magnetic properties ol the solai wind. 
Changes in the atmospheric C" M level are recorded in Ihe 
annual growth of trees. Thus the C" M levels derived from 
tree rings can be tied to the sun’s modulation of the cosmic 
ray flux ir\ the vicinity of the earth, and this provides a his- 
tory of solar changes. Sluiver and Quay (19801 have deter- 
mined the C~ u changes in trees over the past 1000 years. 
This C" 14 record, used in conjunction with a carbon reser- 
voir model that describes the terrestrial carbon exchange 
between the atmosphere, ocean, and biosphere, allows de- 
termination of a curve of changes in C" 14 production rale 
(Figure 4a). 

Because the C' 14 production rates are dependent on 
neutron flux rates, which In turn are related to solar activity, 
the C -14 production nates should be compatible with and 
Inversely related to sunspot activity. Sluiver and Quay have 
shown that the production rate index does correlate with 
observed sunspot behavior (Figure 4b, dashed line). From 
the C' 14 producllon rates and the carbon reservoir model, 
Sluiver and Quay have been able to develop a theoretical 
long-term record of sunspof behavior. This proxy record 
(Figure 4b, solid line), which 1s fine toned to the observed 
record, Is characterized by two periods other than the 
Maunder minimum, when sunspot activity was low. The 
Sporer minimum occurs between 1416 and 1534, and the 
Wolf minimum between 1282 and 1342. 

This Important proxy record of sunspot behavior permits 
a direct test of possible links between solar minlmums and 
climate. For example, do the times of the Sporer and Wolf 
minlmums coincide with periods of cooler dlmales? The re- 
sults of such comparison [Stulvar, 1980] Indicate that there 
Is no clear relationship, on this time scale, between sunspot 
behavior and climate. The earlier Wolf minimum appearelo 
be coincident with a part of the Medieval warm period. It Is 
thus becoming Increasingly more difficult to link. In any 
straightforward fashion, sunspot and climate changes. 

Climate Variability of the Last 10,000 and 
1 Million Years 

On these long time scales (Figure 3(o-e)). climate has 
been characterised by alternation between fl'aclaland In- 
terglacial condillon8. Over the past mffitonyeara.lM ages 
; have occurred rriany times, and on '^ 
that Is! 18.000 years ago a large part of the Northern Hemi 
anefer Thousands of feet of ice. The Iasi WOO 
: iars has been characterized by processes leading to a 
dealadatloniand subsequent evolution of modern climate. 

■ Because of the very important andexclllng 
af 11977]. we now know that a major factor In the brilnfl 

• east Ice ages over the fast million years has been due to . 
ptanoea in solar radiation received by ihe. earth as a result 
of changes In the geometry of ths earth's orttt. These or^li- 

' < al change 3 move and till thb earth away from and toward- . 

• 'the Surtwlth a frequency of 19,000. 23,000, 41,000, and 

- ; m OTOVeara; Considering that .1 8,000 years ; »>*^pwd 
b age, a model Offuturecllmales, based on 


il: V* ! \^\ i | ii|V v 

nr.i i*v. um ,?(■> .a -a 1 1 ; 

f EAR Ll> 




MM VO 

YEAR A0 


Fig. 4. (a) Changes in C 14 production rate catenated from 
caibon reservoir model relative lo the average 1000 to i860 pro- 
duction level; (b) Sunspot numbers as observed (dashed line) and 
calculated from production rate. (After Sluiver and Guay 11980] 
and reproduced with permission of (ho authors.) 


years is toward glacial conditions. 11 is against this long- 
term trend that anthropogenic factors must also bo mea- 
sured. 

While there are exciting things to say about climate vari- 
ability on these long lime scales, it is beyond tho scope of 
this discussion, which emphasizes shorter-term climate 
variability. Long-lorm climate change Is nicely discussed in 
HecW[1979J, Barry ot at. (1980J, nnci Mitchell [1970], who 
also provides nn ologant discussion of efimato variability in 
gonornl. 

C0 2 Effect on Climate 

Long-term future changes in the earth's climato may bo 
related to the burning of fossil fuels. This comes about be- 
cause the burning of these fuels releases large amounts of 
carbon dioxide (C0 2 ) into the atmosphere. CO? is a gas 
which absorbs infrared radiation emitted by (he earth's sur- 
face, and thus as its concentration in tho atmosphere in- 
creases. so doos tho amount ot heat it traps on tho earth s 
surface. This greenhouse' effect may result in a global 
warming of a magnitude exceeding anything seen on the 
earth for millions of years. 

it is not a recent hypothesis that man is affecting Ins 
environment by increasing ihe concentration of CO? in the 
atmosphere. As early as 1938. G. Cailendar recognized 
that man. through Ihe burning of fossil fuels, could change 
the composition ot the atmosphere and affect climate. 

Nearly 20 years later. Reveiie and Seuss 1 1957] put ihe 
COj question into global perspective They said. 

Human beings are now carrying out a large scale geo- 
physical experiment of a kind which could not have 
happened in the past nor be repeated in the future 
Within a few centuries v/e are returning lo the air and 
oceans Ihe concentrated organic carbon stored over 
hundreds of millions of years. 

It is now nearly 23 years later, and in 1980 the documen- 
tation for the rise ot C0 2 in the earth's atmosphere is at 
hand. The proof comes from dfrecl measurements of C0 2 
In the atmosphere at Mauna Loa, Hawaii, and other moni- 
toring stations. 

In 1957, as part of a research program developed lor the 
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Fig. 5. CO* level recorded at Mauna Loa, Hawaii (In ppm) and annual changes. (Reproduced courtesy of NOAA.) 


Internationa) Geophysical Year, laboratories were estab- 
llshed at Mauna Loa (elevation 3400 m) and the South 
Pole to begin accurate and regular measurements ol COa 
in (ho atmosphere. The monitoring al Mauna Loa has re- 
sulted In the observations! shown In Figure 5. Ttie curve 
clearly shows seasonal variations in respiration-photosyn- 
thesis, with an amplitude or aboul 6 ppm. Maximum CO a 
occurs in April, minimum in October. The decrease repre- 
sents the excess photosynthesis uptake ot CO? over decay 
and respiration during the Northern Hemisphere summer. 

In addition to Ihe seasonal signal from ihese data it Is clear 
that since 1958 the amount of CO? in Ihe atmosphere has 
steadily increased. The current value of 336 ppm. or 700 x 
10 ,s g C, represents an increase of 20 ppm since mea- 
surements began in 1958. Estimates of the amount of CO? 
in ihe atmosphere prior to 1958 are belweon 265 and 290 
ppm (550 to 620 ■ 10’ c g C). Thus belweon 80 and 150 * 
10 ,S g C have been contributed to the atmosphere since 
preinduslrial days. CO? producorf by industrial activity from 
1880 to 1979 is about 160 < 10 ,s g C (Table 2). Approxi- 
mately 80 • 10 16 g C of this amount was contributed be- 
tween 1958 and 1979. The source for these data on C0 2 
emissions from ihe burning of fossil fuels are UN records, 
which may be subject to an error ol 10% or IS 0 .*; the data 
are, however, continuous and internally consistent From 
1860 to 1970 the CO? emissions from fossil fuels grew at a 
rate of 4.3% per year, except for the periods of world wars. 
U CO? production continued at this rate, annual CO? pro- 
duction would approximately reach 14 x i0'* g C by the 
year 2000 and 41.5 * 10’ 5 g C by 2025 

The increase in CO? production has declined over the 
past 10 years and is now about 3.6%. The amount of CO2 
emissions from fossil fuels can be projected reasonably for 
the next 20 years, since the time required to make major 
shifts in energy production or consumption is of this magni- 
tude. Predictions beyond the year 2Q00 are much more dif- 
ficult to make and are a product of complex interactions of 
demographic, economic, and social variables. 

The measurements al Mauna Loa of CO a (Table 2) in 
Ihe atmosphere over the period 1960-1979 show an in- 
crease of 9.5 ppm from about 317.2 to 336 ppm. This in- 
crease is 6% and is equivalent to an additional 39 x 10’ 5 g 
C. 

Since Ihe beginning of the C0 2 measurements al Mauna 
Loa. ihe observed increase has accounted for about 50% 
of the carbon dioxide released by the burning ol fossil fuel 
and destruction of vegetation. The other 50% has been 
added to the other carbon reservoirs, which are Ihe oceans 
and Ihe biosphere. Estimates oi CO? remaining in the at- 
mosphere vary between 48% and 56% \Brcecker, el el. 
1980]. While at first there was considerable discussion that 
Ihe biosphere itself, through deforestation, was also a ma- 
jor contributor of CO?, it now appears that this contribution 
Is small and that to a first approximation the lossil CO a re- 
leased to the atmosphere can be adequately accounted for 
in existing carbon cycle models ( Broecker el al., 1980]. 
(This point is controversial, however, and I am Irealing it 
casually in this roviaw. since the topic is mainly climate 
change. Further discussion is given in reviews of the global 
carbon cycle, ns for example Bolin ot al. (19791.) 


C0 2 Effect on Climate 


The primary effect ol an increase of CO? in the almo- 
sphere Is to cause more atmospheric absorption of thermal 
radiation from the earth's surtaco and thus to increase air 
temperature. Numerical modeling of this process with glob- 
al atmospheric general circulation models (GCM) suggest a 
global warming of ihe earth ot about 2 : C with a doubling ot 
CO? and 4‘C with a quadrupling. The model experiments 
indicate that ihe warming is greatest In polar regions, 
where Die Increase may be 3 times as large as in tropical 
regions. Climate simulations with increased levels of CO? 
also provide estimates of changes fn Ihe pattern of evapo- 
raiion and precipitation and fn the extent ol see ice. The 
value of Ihese experiments is primarily as diagnostic tests 
of climate models and their Interoomparlson. Although pres- 
ent climate models do capture Ihe main large-scale fea- 
tures of Ihe atmosphere, they are severely limited in por- 
traying oceanlc-aimospheric interactions, cloudiness, and 
detailed regional dimple changes. Large-scale ocean mod- 
eling comparable id Existing atmospheric modeling Is riot 


presently available because of both lack of observational 
data on appropriate synoptic scales and inadequate under- 
standing of major oceanic mixing and circulation processes. 
Thus present GCM's of both atmosphere and ocean are 
capable only In a modest way of duplicating the observed 
climate. Simulations oi climate with Increased levels of CO2 
must be viewed In the context of (he capabilities of these 
models to simulate modern climate. (A review of the 
8lrsnglhs and weaknesses of climate modeling Is beyond 
the scope oi this report, but I recommend the referenced 
papers given by Barry el al. [1979] fn their review of climate 
change.) Herein, I can discuss only the most recent results 
or large-scale climate modeling with Increased C0 2 levels 
and compare the results to previously published reports. 

Manabe and Slouffer [1980] simulate global climate with 
2 and 4 limes Ihe present level of CO?, using the sophisti- 
cated general atmospheric circulation and simplistic ocean 
model developed al the Geophysical Fluid Dynamics Labo- 
ratory (GFDL), The model consists oi an atmospheric GCM 
and a mixed-layer ocean model with uniform thickness. 

Like most GCM’s this model predicts changes In vertical 
components of vorticlfy, divergence, temperature, moisture, 
and surface pressure from the basic equations of motion, 
thermodynamics, and continuity. 

The ocean mode! is a static isothermal water layer of uni- 
form 68 m thickness. This thickness assures that the heat 
storage associated with Ihe annual cycle of sea surface 
temperature Is included In the model. 

The model is run beginning with isothermal, dry, and mo- 
llonless atmosphere and with an atmospheric concentration 
ol C0 2 at 300 ppm. Stable climate conditions develop after 
about 10 years of model time. The control experiments suc- 
cesslully reproduce Ihe observed basic features in the sea- 
sonal varialion of the atmosphere. In response to a quadru- 
pling ol the CO? level of the atmosphere, the model pro- 
duces a new equilibrium climate which shows an overall 
global average increase of 4.1 0 C in surface temperatures. 
Low-latitude changes are on the order of 3M°C; hlgh-lati- 
I u a de 0re In the Southern Hemisphere and 

6-14 C In the Northern Hemisphere. Figure 6 shows the 
latitude height distribution of the difference In zonal mean 
air temperatures between an atmosphere with the present 
and 4 times Ihe amount of CO?. Estimated temperature 


changes are hall as great for a doubling of CO? levels. 


Manabe and SlouKer[mo) give an excellent discussion 
or the results of their experiment with regard to the latitudi- 
nal and seasonal variation of the changes In precipitation 
evaporation, and sea-ice distribution. In general the model 
shows greater moisture content of the air and an Increase 
in Ihe poleward transport of moisture. Additional moisture 

« 8 ,rop i cs 18 L rans P° rt0 d to high latitudes, and 
toth preclp! ation and runoff rate Increase. As temperatures 

With d Mmol h .h T H 1 emls Phere, sea ice is reduced. 
With 4 times the C0 2 level In the atmosphere, sea Ice dls- 

s sr v ,rom ihB Aret,t! ocean dur, "9 ■ 


ocean currents are not considered. In attempting to sim u 
late the present climate, the surface air temperature over 
the entire clrcum-Antarctic Ocean is overestimated result 
Ing In the underestimation of the area covered by sea lea 

The results ot mis model suggest a somewhal lower 
global temperature increase than previously estimated bv 
these and other authors. The differences are not great L 
there is a general convergence of a ±2°C temperature in 
crease for a doubling of C0 2 . This number Is generally 
higher than estimates derived from simple radiation bal- 
ance models, which for the most part record only the ex- 
pected atmosphere response to CO? Increase in the atmo- 
sphere Independent of atmospheric and oceanic feedback 
processes. For example, Newell and Dopplick [1979] as- 
sums that the C0 2 -induced change of temperatures and 
mixing ratio of water of surface air fs zero when they evalu- 
ate Ihe C0 2 -Induced changes in sensitive and latent heat 
flux from the earth's surface to the atmosphere. Thus ihe 
warming of surface temperature is greatly underestimated. 

Most of these models suggest a greater warming in the 
polar regions than In the tropical ones. Since the West Ant- 
arctic ice sheet Is thought to be relatively unstable In com- 
parison to the remainder of the Ice cover over Antarctica, 
there Is concern that this Ice sheet might disintegrate or 
surge because of the temperature Increase. There is, how- 
ever, considerable disagreement among glaciologists about 
the likelihood of a collapse of the West Antarctic Ice sheel. 
A recent meeting of experts (Orono. Maine 1980), spon- 
sored by the Department of Energy, produced recommen- 
dations for a research program to clarify conflicting opin- 
ions. 

It Is not clear at this time how to verify that any global In- 
crease In temperature (should It occur over the next dec- 
ades) is due to CO?. Because the intermediate layers oi 
the ocean are expected to absorb some of the Increased 
heat, any atmospheric increase in temperatures may be 
delayed behind the C0 2 input by perhaps several decades 
[National Academy of Sciences. 1979], Thus it Is not obvi- 
ous how a global warming, such as that which occurred be- 
tween 1850 and 1940, presumably due (0 non-C0 2 effects, 
may be distinguished from a predicted warming due to 
CO?. 

If average global temperatures were indeed to increase, 
new patterns of evaporation and precipitation would likely 
develop. The effect of such a change would be felt every- 
where. The Manabe-Slouffer experiment discussed above 
suggest that some regions would become wetter, others 
drier, most warmer, and some colder. The ultimate conse- 
quence would be a global society and a global ecosystem 
which would be forced to adapl to a new climatic state with 
a different distribution of temperatures and precipitation, 
winds, humidity, and Ihe like. How climate variability would 
change as a result of changes in C0 2 level is unknown. II 
Is, however, variability of climate, more than slow climate 
change, which affects the economic and social well being 
of society. 


Living with Climate Change 


The global model used In this siudv (v^ntaino „i moe u,s - rlver bas| ns has been adequate tor agn ^ 

plications and Idealizations. Some ImftortanX industrial, and municipal purposes. As popula^ 

esses, such as the horizontal heattrTZofocean-bv E? ,ndU0l 7 d0V0lo P s (Particularly In the - ■ 

pu cean oy balance between available water and water needs o . 

jmeLEj.-Annug and Cumula tive IndusM CO, Product and M easuremem o. CO. In Ihe Almosplwe. Receded 


As a theme lor this article, I have centered on drought as 
an example of a climatic extreme that has significant Im- 
pact on society. While a drought of the magnitude of the 
193Q's has not occurred since, other climatic variations 
Irom drought to extreme cold have been characteristic ol 
the past decade. As discussed above, the perception that 
climate Is becoming more variable lias given rise to inwni ’ 
tlonal and national programs designed to understand w 
the causes of climatic change and to utilize better exisuiw 
Knowledge of climate variability In decision making ana 
source management. . , . )hfl 

The impact of climate on society Is both a product 01 
climate change Itself and the vulnerability of society - M 
Whether society today Is more or less vulnerable to map 
dlmatic changes (than In ihe past) Is a research question 
for the decades ahead. Even given no climate ctian 9 0 ' 
society manage Its affairs with Increased population, 
gy, and food demands. The report of the Council an 
ronmental Quality, Global 2000, suggests a grim 
ture for world society as the result of overpopulation, 
fuel resources, and severe water shortages. Water 
ability may, In fact, be the single most Important enviroi- 
mental variable In the decades ahead. . , 

For the past 30-40 years, the normal water supply 1 
most U.S. river basins has been adequate for , a 9 r vP 1 _ rnfl9 as 
Industrial, and municipal purposes. As population in 
and Industry develops (particularly in the Southwes )■ 
balance between available water and water needs o . 


Cumulative 
Industrial 
COa, 10" gc 


Cumulative 
COa, ppm 


0.09 

3.27 

8.19 

26.01 

47.20 

83.27 

117.00 

121.47 

126.03 
130.86 
135.74 

140.59 
145.84 
150.82 

160.03 

181.60 


Increase Over 
Previous Year 
in Table, % 


0.042 

1.53 

2.90 

12.22 

22.17 

39.12 

55.00 

57.06 

59.06 
61.47 
63.77 
66.05 
68.42 
70.86 
73.30 
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Fig. 6. Zonal mean difference In annual mean temperature (degrees Kelvin) of the model atmosphere between 4 limes CO* and 
present levels. (From Manabe and Stouffer and reproduced wllh permission ol the authors.] 


comes critical. For part of the Colorado River Basin, the 
water shortage is already quite evident. 

Suppose there Is a climate change of some degree be- 
tween now and the year 2QQQ, what would be the effect on 
the 18 major water regions of the U.S.? Stockton and Bog- 
gess [1979] have made a preliminary comparison of pres- 
ent supply and demand for water, with projected values for 
e scenario of ±2 6 warmer or colder and ± 10% greater or 
less precipitation. In general, most regions east of the 
Rocky Mountains would not be drastically Influenced by Ihe 
hypothetical climatic changes above. Local problems of 
Hooding, transportation, or waste management could be 
met by alternate management strategies. 

River basins west of the Mississippi River, however, 
could experience significant shortages under a warmer and 
drier scenario. Stockton has calculated, using his hydrolog- 
ic model, that the Increased water evaporation From water 
surfaces, soil, and plants caused by a rise oi 2'C in mean 
annual temperature accompanied by a 10% decrease in to- 
tal precipitation could result In decreases of 40% to 60% in 
annual surface water supplies. Climate changes of this 
magnitude have occurred naturally over the past 150 years. 
The regions that would suffer major Impacts would be Ar- 
kansas, White-Red, Texas-Gulf, Rio Grande, Upper and 
Lower Colorado, California, and Missouri. As groundwater 
reserves are already heavily utilized In these seven re- 
gions, it cannot be considered a viable alternative supply to 
supplement surface water shortages. 

For the climatic scenario of cooler (by 2°) and wetter (by 
10%), the national Impact would be mostly beneficial. Re- 
gions that would be mildly adversely affected because of 
Mcess water would Include the South Atlantic Gulf. New 
England, Lower Mississippi, and Great basins. 

Thus Ihe danger lies ahead for the western U.S., where; 
under drier conditions, severe water shortages can be ex- 
pected. Even In the absence of any climatic changes, water 
shortages may be likely because of the Increased need for 
water in the development of energy sources, for agriculture, 
and lor the Increased industrialization and expansion of 
municipal areas. While planning for water excesses has 
been done for many years (flood control, zoning, land man- 
agement, etc.), planning for water shortages la not well ad- 
vanced. Considering that most groundwater sources In Ihe 
western U.S. are being used up faster than they are replen- 
ished, the problem of water management in the western 
U-S. may be one of the most serious problems of the year 
2000. 

fn fact, It may be the problem of water availability that 
folarmlnes how society may respond to C0 2 climate 
Jh&nge. A report of the National Academy of Sciences on 
hpw CO? Induced climate changes might affect society con- 
duded that 

■ changes In availability of water are the single most 
significant consequence of elfmate change through the 
next century— while modest precipitation increases In 
Areas well supplied at present could be accommodat- 
®di similar decreases In some currently marginal seml- 
arid regions and Increases In the frequency ol drdught 
could have serious Impacts. 

anb water are Intimately related, and I conclude 
tong essay by again returning to drought and agrlcul- 
“rein the Midwest. The feat of growing com In a samlarld 
like western Kansas Is made possible by heavy Irrl- 
inm? 1 groundwater Irom the Pliocene age Ogallala 
Ration, which underlies parts of the high plains. In most 
irie high-plain region, groundwater withdrawals are far In 
!/f ss recharge. To meet the demands of agriculture 
^ Population In this area in the year 2000 will require ex- 
'“■ve water management systems, such as the existing 
jJJjndwaier management districts (GWMD). which permit 
sws to determine the level of water consumption. Addi- 
al options for supplementary groundwater demands 1 
0 J involve tb0 transfer of water from the Missouri River or 
® r water basins. Suoh projects would Involve gargantuan 
lrettf~^ V6n today's monetary, standard; or in the ex- 
sas Hif 039 * diminishing water, resources, western Kan- 
JJJ llk0 areas of Texas, could revert to sagebrush- More 
52* 88 reported by John Walsh (‘What To Do When the 
J^iHuns Dry,* Science, 210, 754-750, I960), western. 

could change from Irrigated corn agriculture to the 
Iv *® ss water-intensive crops and, perhaps ultlmate- 
dryland farming of wheat and grain sdrghumV 
lhailK? b,ema tor U.S. farmers. today, like larmeredurlng 
•JJ ‘930 s and like Indians of MIILCreek, i^ living and work* 
* 0r,d with a climate, that. Is unpredictable from .year 
,.J- Unlike ihe, Indians of Mill Creek we have exfenaWe 

^inolom/ ... frnm AkfreTTte 


1 w? 9 * Callable to us to Insulate society . 

^rorclliaate events.UnllHe; the .Indians ?! 

• “^ohment of the lahd la.nbt our only option. BuJJlke 


Indians of Mill Creek we remain strongly affected by cli- 
mate. It Is one natural resource that is still a challenge to 
man. 
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COSOD Update 

The Conference on Scientific Ocean Drilling (COSODi 
(Eos. December 1 , p. 1 1G2) identified n set ol global scien- 
tific objectives ranging from the contmontal margins 10 the 
deep sea that will require a worldwide program of drilling in 
the Atlantic. Pacific. Indian, and polar oceans.' explained 
Roger L. Larson, chairman of the COSOD Steering Com- 
mittee 

However. COSOD did not aim to provide scientific goals 
tor the Ocean Margin Drilling Program (QMDP) The mam 


The 12 top-priority scientific programs, with relevant ques- 
tions. Identified at COSOD are listed below in ronpreferen- 
tial order. This list still is subject to revision by the COSOD 
Steering Committee and will almost certainly evolve as the 
future ocean drilling program proceeds 

Processes ol magma generation and crustal construction al 
mlcf-ocean ridges. What Is (he composition of the oceanic 
layer? Is the ophiolite analogy a valid model lor ocean 
crust? 

The configuration, chemistry, and dynamics ol hydrothermal 
systems. What are Ihe dimensions and characteristics of 
open versus closed and active versus passive hydrother- 
mal systems? 

Early rifting history of passive continental margins. 

What Is the shallow and deep structure o( stretched and 
list ric-laul led margins versus those characterized by ex- 
cessive volcanism? 

Tha dynamics of (orearc evolution. 

What are the relative motion, deformation, and pore-water 
characteristics of sediments being subducted at accreting 
and nonaccreting margins? 

Forearc to back-arc structure and magmatic history. 

What are the space and time relationships ol back-arc 
spreading, compression, and votes nism at Island arcs? 

The response of marine sedimentation to fluctuations fn sea 
level. 

Which on-lap. off-lap sequences and intervening uncon- 
formities represent sea-level fluctuations and which repre- 
sent vertical tectonic motion? What is the response of 
deep-sea sedimentation (o soa-level fluctuations? 
Sedimentation in oxygen deficient oceans. 

Whet are the ocean circulation. paleoclimBle. and poten- 
tial hydrocarbon characteristics associated with Creta- 
ceous black-shale deposits? 

Global mass balancing of ssdlments. 

Whei are the best estimates of Ihe wgrld sediment mass . 
,and composition balances tn space and lime? 

Ocean circulation history. 

.What is the response of ocean circulation to changing 
boundaries, e specialty the Drake Passage. Ihe Isthmus ot 
Panama, and the Tethya Seaway? Hour does trite vary in 
glacial end nonglaOaf eraa? ‘ . 

The response of Ihe atmosphere and oceans to orbHal vari- 
ations. 

How have gravHattenat Interactions with other pianelsi es- 
podflhy Jupiter, affected psteocKcutatton kn the aimo- . 

: sphere and hydrosphere? 

Tta history of the earth's, magnetic field. 

. Whs) la Die nature of the magnetic field during a magneto 
reversal? What Is Ihe detailed reversal and paJeqlntenaity 
history ol (hs magneto IteM in Ihq past 200 mlHton years? 

‘ the process and mechanism evolution to marine organ- 
' jlsms. : ...!' 

- 'Hove the details oi evolution been characterized by oon/ - 
Utiuous change or by punctuated equlfcbitoin 1 . state* to ma- 
' ;rine organisms? . .. .. • : 
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thrust of OMDP. which essentially perished with the with- 
drawat of induslry support {Eos. October 20, p. 705), was 
lo drill deep holes with riser and well-control technology on 
or near the continental margins of the United Stales. 

Many of the data syntheses prepared for OMDP will be 
very useful to future scientific ocean drilling programs, 
whatever they may be called,’ Larson said, but If the rec- 
ommendations ol COSOD are adopted, these programs will 
be worldwide In nature, will attack problems on the margins 
and In the deep sea. and will contain a strong element of 
participation from the International scientific community.' 

Twelve scientific programs wero identified as top priority 
drilling objectives by the COSOD working groups (see box). 

Larson stressed four main points: (1} 'A worldwide pro* 
gram of long-term drilling is an essential component of re- 
search In the earth sciences.’ The projects identified at CO- 
SOD would require at feast a decade to complete. ‘Many of 
these programs can be accomplished with the presently 
available drill ship Glomar Challenger, but the extended ca- 
pabilities of the Glomar Explorer are required to accomplish 
a largo number of other objectives. It was the unanimous 
consensus of the conference attendees and the Steering 
Committee that Glomar Explorer is clearly the preferable 
vessel for future scientific ocean drilling. It is recognized 
that the availability of Glomar Explorer Is subject lo a yet- 
lo-be*conducled cost analysis and that the drilling system 
would ormosl certainly be operated without a riser and 
blowout prevention system for at least several years.’ (2) 
'Future ocean drilling must be part of a larger scientific pro- 
gram that incl Lidos adequate support for problem definition, 
site surveying, geophysical experimentation, and sample 
analysis.' (3) Integration^! continental geology and marine 
goorogy should progress through scientific drilling pro- 
grams. (4) International cooporatlon should continue and 
expand .— BTR O 


lions: Samuel W. Keller has been ,?PP oln ^^ 
ciate administrator. Slofan was acting associate adminlstra 
tor for Space Science, and Keller wasrtepirtyaMMl^e 
administrator for Space and Terrestrial Applications. $ 


EAR Reorganizes 

The Division of Earth Sciences (EAR) at the National Sci- 
ence Foundation (NSF) recently reorganized, Division Dl- 


the Astronomy section committee. James F. Davis was 
elected member-at-large of the Geology and GeoaraX 
section committee, and Randoll W. Sromery waseZ 
member of the electorate nominating committee of 
tion. In the Atmospheric and Hydrospheric Sciences seT 
lion, Hans A. Panofsky is chairperson-elect, and Barry 
Saltzman was elected member-al-large of the section com. 
mlttee. William ft Holland and Warren M. Washington!! 
elected members of the electorate nominating committed 
the Atmospheric and Hydrospheric Sciences section 


Ol II* U I uunuHiiwi ■ / / ~ 

rector Robin Brett told NSF’s National Science Board at Its 
November meeting. EAR had been segregated into lour 
programs: geology, geophysics, geochemistry, and petrolo- 
gy; the reorganization divides EAR Into eight programs 
(see table). 


New Organization of NSFs Division of Barth Sciences 
Programs Program Director 

Stratigraphy and Paleontology John Lance 

Environmental Geosciences 
Crustal Structure and Tectonics 
Seismology and Deep Earth Structure 
Experimental and 
Theoretical Geophysics 
Petrogeneais and Mineral Resources 
Mantle Geochemistry 
Experimental and 
Theoretical Geochemistry 


James Andrews has been chosen technical director ot 
the Naval Ocean Research and Development Activity 
(NORDA). He had bean serving as the director of NOR- 
DA’s Ocean Science and Technology Laboratory. He has 
served twice as chief scientist for the Deep Sea 
Project. 


Alan Gaines (Acling) 
Tom Wright 
Leonard Johnson 


Murfi Manghnani 
Elaine Padovani 
Elaine Padovani (Acting) 


Alan Gaines 


M. King Hubbert, an AGU Lile Member, was awarded 
Columbia University’s 19B1 Vetlesen Prize at a dinner ai 
the university on December 3. The Vetlesen Gold Medal 
carries with it a prize of $50,000. Previous winners ol the 
prize Include J. Tuzo Wilson, Chaim Lelb Pekeris, Ifc 
A. Fowler, S. Keith Runcorn, Allan V. Cox, Richard Dm, 
Francis Birch, Sir Edward Bullard, Jan Hendrick Oort, Ar- 
thur Holmes, Pentli Eelis Eskola, Sir Harold Jeffreys, Feb 
A. Venlng Meinesz, and Maurice Ewing. 


NASA Combines Two Offices 


The National Aeronautics and Space Administration has 
completed plans for combining its Office of Space Science 
and Its Office of Space and Terrestrial Applications. The 
new organization was effective December 3. 

The new Office of Space Science and Applications will 
retain tho programs nnd responsibilities of the two program 
offices with the exception of tho Technology Utilization Pro- 
gram. which has been (rnnsforrod to tho Government' In- 
dustry Affairs Division of the Office of External Relations. 

Andrew J. Slofan has been appointed acling associate 
administrator of the Office of Space Scrence and Appllca- 


The reorganization aims ‘to minimize gaps between pro- 
grams, to emphasize studies of the continental crust, to 
emphasize the new Interdisciplinary nature of [earth sci- 
ences), and to bring into prominence the societal issues the 
field can address,’ Brett explained. 

Interdisciplinary approaches to earth science research 
are occurring with increasing frequency and are manifested 
in the proposals EAR receives, Brett said. Since 1965, the 
number of proposals has increased 330%. However, the 
budget has not tripled. EAR’S budget has increased 40% 
(constant dollars); the average grant has diminished from 
about $48,000 to less than $25,000 (1972 dollars), Brett 
said. EAR’S reorganization will aid in the efficient handling 
of the increased number and types of proposals .—BTR ft 




Geophysicists 


Seven AGU members were elected to offices of the 
American Association for the Advancement of Science. 
Clark R. Chapman was selected as the member-at-large of 


Geodynamics Series 4 

Anelasticity 
in the 
Earth 



F.D. Stacey, M.S. Paterson, 
A. Nicholas editors 


Illustrated • J28 pages m $15.00 
• 20% Member discount 


Orders under $50 must be prepaid ji^*; 

American Geophysical Union 

2000 Florida Ave.. N.W. 

Washington, D.C 20009 

Call 800-424-2488 toll free • 462-6903 (local) 


Classified 


EOS oltere classified space lor Positions 
Available. Positions Wanted, and Services. 
Supplies. Courses. ,wj Announcements There 
axe no discounts or commissions on classified 
ads Any type that is not publishers cho.ce is 
Charged ter at display rales EOS is published 
weeNly on Tuesday Ads must be received in 
wvMing on Monday 1 week prior to the dated the 
issue reacted 

Replies io ads with bo* numbers should be 

addressed to Bo* American Geophysical 

Lfmoni roco Florida Avenue. M W , Washington, 
DC 20009 


to ba filled no later than tall, 19S2. For application 
Intermaiton please write lo: 

Ben E. Nordfle 

Department ol Earth Sciences 
253 Science I 
Iowa Stale University 
Ames. Iowa 5001 1 

k>«a State University ia an equal opportunity/at- 
firmabve action employer. 


forma may be obtained from Dr. M. J. O'Sullivan. 
TheorellCBl and Applied Mechanics Department 
University ol AucWand. Private Bag. Auckland. New 
Zealand. 

Applications close 1 March 1982. 


POSITIONS WANTED 
Rales pet tine 

1-5 limes-SI.OO. 6-1 1 times-S0.75. 
12-26 limes -SO. 55 


POSITIONS AVAILABLE 
Rates per line 

1-5 times- 52. 00, 6-1 1 limes -SI 60, 
12-26 Hmea-Si.40 


SERVICES. SUPPLIES. COURSES. 
AND ANNOUNCEMENTS 
Rates per line 

1-5 times-$2 50. 6-11 times -SI 95. 
12-28 times -$1.75 


STUDENT OPPORTUNITIES 

For special rales, query Robin UUIe. 

600-424-2488 


Pilncelon UnWaralty Water Resources 
Program, Department of Civil Engineering. 

Department of Civil Engineering Invites applica- 
tions for a tenure track, three-year appointment at 
the assistant professor rank beginning on or before 
September 1982. Responsibilities include graduate 
and undergraduate leaching in hydrology and wafer 
resources, and participation in research Into either 
hydrological processes associated with Infiltration 
and unsaturated Ikm or chomica! processes and 
transport in the unsaturated zone. Candidate mual 
have Ph D. degree with demonstrated teaching 
ato i'ty and scholarship. 

Subm.1 resume and references to: 

Eric F. Wood. Director 
Wafer Resources Program 
Department of Civil Engineering 
Princeton University 
Princeton. NJ 08544. 

Pnncelon University Ib an affirmative actlonequal 
opportunity employer. 


Positions In Ooeanography/VIMS. The 

Virginia Institute of Marine Science (VIMS)/School 
of Marine Science Invites applications for two state 
funded, oceanography research and teaching posi- 
tions at lha levels ol Senior Marine Scientist. VIMS 
is a broad-based marine science establishment 
with a mission to provide Bound and timely advice 
to executive agencies and the legislature and to 
coquet IncisWe research programs. The School of 
Marine Science oflers M.A. and Ph.D. programs 
with a faculty ol 88 and 139 graduate students. 
HEAD. DEPARTMENT OF GEOLOGICAL 
OCEANOGRAPHY (#113) 

Applicants are sought with research Interests In 
estaunne sedimentary geochemistry, dynamics ol 
cohesive sedlmenl transport, or estaurlne and 
coastal moiphodynamlca. For further Information 


POSITIONS AVAILABLE 


lews Stale University oi Science end 
Teohnology'Dap ailment ol Earlh Sol* 
•ncea. 

App5.cal.-ons are invited for iwo tenure Irark facul- 
ty positions. Tho rank for each is At tho asslslflrl or 

soci.no professor level, dependant upon qualili- 
c tritons. Tho successful applicant will be oxpecied 
id develop strong research and graduate sludoni 
programs Teaching duims will include undergradu- 
ate nnd graduate courses m the areas of expertise. 

V-wur Poseur -cos Economic Geology. Ono posi- 
tion is in mnc'iii rosourcon economic geology. An 
applied tiomoi rente Iran is preferred, town Stole has 
(istiihksriod n Mmmg Bird Mineral Resources Ro- 
‘•Otirch institute and an intonfepdrimantal minor in 
Miooral llo-tourcos in order lo support and develop 
rusnarch and education in this uroo In addition lo 
the appointment In (he Department of Earth Scl* 
uncos there win be tun opportunities to interact with 
these programs. 

GeciroipfTo'ogy: The Second po&ixxi is in the 
general field at geomorphotogy. Additional exper- 
tise In an area related to geomorphotogy, such as 
groundwater, engineering geology or remote sens- 
ing fa also desired A parson with an applied field 
orientation fa being sought 

Each appointment wa ba on an academic year 
basis. Opportunities ore available lor summer, 
teaching appointments. Salaries will be commensu- 
rate with qualificanons. Application deadlines lor 
bath positions are Fetwaiy 15, 1982: later applica- 
tions win be accepted if a position fs riot Cited. Posi- 
tions are both currently available and, are expected 


He search AiioolateElectron Micro- 

. Tha e,ectfQn Microscopy Center at Texas 
ASM University invites application lor the position 
ol Electron Micro probe Specialist. Applicants 
should possess a working knowledge of WDS end 
EDS 6poctrometafS and accompanying computer 
Wte soitwore progmms and preferably have had 
oxponence in the Geological Sciences, 

The pnmary duties ol (he position are lo oversee 
and maintain (with tho aid ol service contracts) the 
electron micropiobe and ancillary equipment and to 
assist m leaching graduate course faboralones 
dealing specifically wrth electron microprobe analy- 
sis Salary will be up to $25,000/12 months. 

Applicant should send supporting data and letters 
ol recommendation to: 

Dr. 6. L. Thurston 
Texas ASM University 
ttolOQlcal Sciences Building 
Cortege Station. Texas 77843 
Texos A8M fa an equal opporiuntty/aRirmaiive 
action employer. 


Postdoctoral Raeaaroh Fellowship. The 
Department of Theoieticat and Applied Mechanics, 
University ol AucWand. New Zealand. Invites appli- 
catww for a poatdocteial fellowship Wi Geothermal 
Raseivoir Modelling. The fellow will be expected to 
assist with the development of modelling tech- 
niques and I he lr application to New Zealand met- 

VO© 8. t 


lha requirements for a Pti.D. or Rs equivalent be- 
fere being ejigtofe lo take up the fellowship which 
will be qvaH^bte tor 12 months train an agreed 
sterling date during igfia; A moflWy allowance a '■ 
NZ$1.1519 vwD be paid and also an approved fe^ 
turn airfare. Further Information and appHcatfori 


POSTDOCTORAL 
POSITION 
IN MARINE 
CHEMISTRY 


Woods Hole Oaeanographia Institu- 
tion Invites applications for the 
position of Postdoctoral Investiga- 
tor. This position Is being offered for 
basic research on the chemistry of 


!!?® ?. arl, ?k Aux in the ocean and on 


tho chemistry of sediment-seawater 
interactions, with particular empha- 
sis on the transport of trace metals 
□nd radionuclides. Preference will 
be given to applicants with training 
In radlo ehemU try, trapo-element 
analysis, surface chemistry, or jreo- 
ohomlca! I modeling. Send resume and 
names of three references toi 
Personnel Manager 
Box B4P 


WOODS HOLE 
OCEANOGRAPHIC 
INSTITUTION 



contact Dr. Robert Byrne (VIMS). 804/842-21 1 1 
(Ext. 173). 

ESTUARINE AND COASTAL HYDRODYNAM- 
ICS (Poslllon #204) 

A physical ocennogrephor with a strong Inlerest 
In Interdisciplinary approaches to complex estuarine 
and continental shall problems Is desired. For far- 
ther Information contact Dr. Bruce Neiison (VIMS). 
804/842-8131 (Ext 244). 

Candidates tor both positions should have estab- 
lished research credentials and be dedicated to fur- 
thering the research nnd educadonal programs oi 
the Institute. Demonslrnlod abllily to generate ex- 
tramural support Is oxpeclod. Salary range le 
$24,972 lo $34,107 and faculty rank is commensu- 
rate with quell llcalto ns. 

Applicants should sond a comprehensive curricu- 
lum vlla, reprints, nnd at least three letters ol tree- 
ommendailon by February 1, 1982, staling ape^nc 
position ol Inioresi, lo: Employmeni Manager. Per- 
sonnel Office, College of Wm & Mary, Williams- 
burg, V A 23 IBB. 

An equal opportunlty/afflrmailve action employe 

Surflelal Qeology/Q round Water. Uteri 
Slate University. Tenure track position sievting_ h 
spring quarter of 1982 or fall quarter of' 8“*- , ' ' 
required. Rank and salary negotiable. Surflcai fl ' 
ology with emphasis on geologic Held flfetflea 
ground water with attention to both geologic < a 
geohydrologlc aspects. Emphasis on trie 9,0 ” . 
Closing date November 30, 1981. U8U Is anaflj 
mallve action equal opportunity employer, uepw* 
menl oi Geology 107), Utah Slate University. Lo- 
gan, Utah 84322. 


Marin* Research Aaeoolat* llbAtmMprien 
io Chemist, Design and implement 
on the aea/alr exchange of trace elements ap* 
of SEAREX Program. Experience In Iraca . 
analysis desirable. Ph.D. In analytical, hiwto. or . 


1 salary Scientist. SUNY Stony Brook, The 
lament of Earth & Space Sciences, anticipate* 
I Sutaiure irack faculty poslllon may become 
Platte lor a PhD Planetary Scientist. Planetary 
1 Junes within this department spans the range of 
t atmospheres, cosmochemlstry. and plan- 
SLoMphyrics. The candidate should have a 
Z«n^eaied record ot accomplishment. The ap- 
Sntesis expected to pursue an active research 
Airland dll be responsible lor leaching courses 
I*a undergraduate and graduate level. 

Send vitas and names of 3 references to: Dr. 
toaer Knacks. Dept, of Earth 8i Space Sciences, 
Skmy Brook. Stony Brook. NY 11794. 
t SUNY Stony Brook Is an EO/AA employer. AK 
il220A 


Mitel Oeophysloe/Teotonophyaloe or 

bdlmentology- The Department of Geology at 
M University ol Kansas Is seeking applicants at 
Msseistani professor level for a potential addition- 
j tenure Irack position that will begin In August, 
ijBct January, 1983. Tha appointment will be 
-«la In either crustal geophysics, lectonophyslcs, 
grture! geology, or in sadimentology. The area In 
fthtfie eppolnlment will be mads will depend 
the qualifications ol the applicant and depan- 
-aital needs. Dulles Include teach ng In our Intro- 
yjory. undergraduate major, and graduate 
ones; advising students; supervising graduate 
fte&&8 and dissertations; conducting oclgi- 
-^research; end providing service through admln- 
SiOTa and professional activities. Applicants must 
■m Pti D. In hand or expect to complete It by the 
rtoltto first year of employment at the Unlverei- 
i Mnimurn salary at the assistant professor level 
| rf be $23,000, If the position Is authorized. 

CnsW Ouphyslce, Tectonophyslcs or Structural 

I ‘ides/. Wa will consider applicants from all fields 
jgMffyeics and structural geology who are Inter- 
red In applying their expertise lo understanding 
n structure and evolution ot the earth’s crust and 
, rawl complement tha five extatlng geophysics 
[ vityol the Department and the Kansas Geologi- 
i Survey. The successful applicant will be expect- 

1 *l(i cooperate with current (acuity in offering 
at the undergraduate and graduate level 
racortr geophysics, tectonics, or structural geol- 


C^bldate must be 

5 IS '® BCh ’'rtroductory geology, mineralogy, pa- 

troS4 8mrV ’ ° plica ' m,n ® rB,f WPe- 

Paloon t°!ogi S i.Sol!.Rock Geologist. 
hSta^^Tr DB to ,each “ ur80B I" invert a- 
Sn to iS^i mlcrapa!BOnto,o 0y. Mdlmenie- 
h atoricaf geology. Additional expertise in 
recent marine environments highly desirable 
Applicants are expected lo do research In ‘their 
areas of expertise, and to lead students’ new trips. 
Sjrang teaching and research commitments expect- 
ed. Submit applications with resume and copies ot 

f 1 "S? h r lhrae of recommanda- 
oons sent to the Chairperson, Department of Earth 

6 Space Sciences, Indiana Unlvarslty-Purdua Uni- 
versity at Fort Wayne, Fort Wayne, Indiana 48805. 

Indiana Univereity-Purdue University is an equal 
opportunlty/afilrmatlve action employer 


the earth, and potential fields. Currant research In 
seismology Includes: seismoioglcel and earthquake 
research utilizing a new PDP 1 1-70 computer with 
plotter and terminals; monitoring of the Intermoun- 
tain seismic bell by a 55 slaiion telemetered net- 
work utilizing a new on-line PDP 1 1/34 computer; 
major experiments in seismic refraction profiling, in- 
vestigations of seismic propogatlon from synlheiic 
seismograms, application of Inveraa Ihoory 10 seis- 
motogy. seismic properties of volcanic systems and 
allied research In leclonophyslca The closing dote 
for applications Is December 31, 1981 A Ph.D. i& 
required for this position. Applicants should submit 
a vlla. Iranscrfpls. a letter doscnblng his/her re- 
search end leaching goals, and names of five per- 
sons for reference to William P. Nash. Chairman. 
Department of Goology and Geophysics. Ifnivarslly 
Of Utah. Salt Lake City. Utah 841 12. 

University of Utah Is an equal apportunlly 'aflirma- 
Uva action employer. 


ful applicants for lha Exxon Fellowship arc still eligi- 
ble tor our regular financial support. For further de- 
tails contacr R. Van dor Voo, Chairman, 

Depa'lmani of Geological Sciences. University of 
Michigan, Ann Arbor 48109. 


5fitwtiofogy. We will consider applicants In 
.-(tench ot sedlmentology, but those with Inter- 
-si m studying carbonate rocks, diagenesls and 
i'manlary geochemistry, or the relationships ol 
-'neiWion and tectonics are preferred. The ap- 
.ortritt be expected to cooperate with present 
•vly In ottering courses at the undergraduate end 
plats levels that cover all aspects of the study 
I 'tedmwisry racks. 

f tewa who have responded to earlier adver- 
:*wils this year for sedlmentology and structural 
| ,4'ogy need not re-apply, but will be automatically 
‘‘M«ed. In the event top candidates are about 
| “JAY teaS'lted, preference will be given lo appti- 
r!» whose areas ot Interests will complement 
I '«a ol the other faculty or who will participate in 
'i department's summer field geology teaching 
I "gam. 

p «orty wl| be given to applicants whose files arB 
I by February 1. 1 982. Applicants should 
j -i ■ letter ot application, a resume (including 
VtttonSsi). transcripts of all college level work. 

| names of three references lo: 

Emesl E. Anglno 
Department of Geology 
University of Kansas 
Lawrence, Kansas G6045 
Phone: (813) 864-3771. 
ife tetter of application should Include a elale- 
Mrt ol current and planned research Intereais and 
I that the applicant leels qualified lo 

I 


Structural QeologlsbUtilverelty ol Wyo- 
ming. The University oi Wyoming. Department of 
Geology and Geophysics seeks appttcanls tor a 
tenure Irack appointment in structural geology ex- 
pected to be available beginning Fall semasler 1982 
or earlier. Duties will Include teaching of undergrad- 
uate and graduate courses In aiructural geology, 
supervising MS and PhD theses, and research In 
structural geology. Appointment a) assistant proles- 
sor level Is preferred, but applicants requesting ap- 
pointment at higher rank will be considered. Salary 
open. Applicants must have PhD dBgree and be 
versed in quantitative theory as well as field appli- 
cations or modem structural geology and regional 
tectonics. 

Applicants should provide, by Jonuory 1. 19B2. a 
resume, three letters of reference, and a tetter ol 
application Including a statement ol current re- 
search interests and courses which the applicant 
feels qualified to leach. Applications should ba sent 
to: 

Or. Robert S. HouslorvHead 
Department ot Geology and Geophysics 
University of Wyoming 
Laramie, Wyoming 82071-3006. 

The University of Wyoming is an equal opportunl- 
ty/afflrmatlve action employer 


Oceanographic Modeler. Ocean Data Sys- 
tems. Inc. fa seeking an applications oriented scien- 
tist lo davetop'adapt wave. HN and oil spill models 
for application in the Middle East on large CYDER 
computers. Position is In Monterey Experience In 
commercial applications ol varied oceanographic 
modeled output would ba advantageous Salary 
commensurate with ability and experience. Liberal 
banelllB. Send resume to Mr. C. R Ward. Ocean 
Dale Systems. Inc., 2400 Garden Rond. Montoroy 
CA 93940. 


Graduate Research Aaaletaniahlpi In Ma- 
rine) AlmoipherlOj and Sedimentary Geo- 
chemistry, Avmiahlo tor sturlius loading to M S 
nnd Ph D. degroos with specialization m I ho rjoo- 
chomistrioa ol oceanic, ostuarmo, and sedimoniary 
Iraco elements and nulrioni9, atmospheric particu- 
lates and gasos. and sedimentary rad.ogeoc norms- 
try. Stipends for incoming M S cariehdates are 
$6700 tor 9 mos , with additional summer awards 
up to $2800, and for advanced Ph D Giudonte are 
up to $10,000 tor 12 mos. Persons wilh strong un- 
dergraduate majors in the basic sciences are en- 
couraged (0 apply Contact Prof P N. Frcrelich, 
Dopt of Oceanography, Florida Slate University, 
Tallahassee. FL 32300. 904 044-6700 


University of Montana, Department of Qe- 
a la gy/T wo Positions! Teutonics and Paleon- 
tology, Applications are Invited tor two tenure 
track positions: tectonics with locus on western 
North Amorica, and paleontolagy-bfestmtiginphy- 
paleoecolagy. Both positions hogin September V. 
1982. Applicants must have lha Ph D ilogioo or 
oxpect completion by summoi 1982 Semi toiler of 
application, resume, an outllno of tonchimj Ami re- 
search interesls. arid oihnr purtmout material nnfl 
hflvo at toast ihreo loiters ol recommuiKlntion r.nnt 
to Donald W. Hyndman; Scorch Cominltfeo Ch, lu- 
men; University ol Montana: Missouri, Montnn.i 
59812. Deadline tar applications is Match 15. 1082. 

The University ot Monlann is an ntiirmativo nc- 
tionequal opportunity omployor 


Geophysical Fluid Dynamloist/Physleal 
Oceanographer. Applications are solicited tor a 
|unlor faculty position in ocoan physics or dynamics 
tobogin in (he academic year 1982-83 Areas ol 
interest to tho Department Include analytical, nu- 
merical and laboratory modeling of phy&icnl proc- 
esses and phonomana in the sea. 

Yalo University is on oqual opportunity, affirm at ivo 
action omployor and oncourages women and mom- 
bers ol minority groups (0 compote for this po&ition 

Curriculum vitae, publications, and thu names of 
throe or more rotoroes ahciulrt be sent hy 31 Do- 
ccunbar 19B1 (0: Robert B. Gordon, Chmrman. Do- 
parirnanl nf Goo togy and Geophysics. P O. Box 
6666. New Haven, CT 0851 1 


Graduate Research Aaalstantshlps. Envnon- 
mental science at the Oregon Graduate Center. At- 
mospheric and aerosol physics research programs 
in theoretical modeling ol anthropogenic elfects on 
stratospheric ozone and global temperature and in 
development and utilization Ol real lime instrumen- 
tation lor sulfur and carbon aerosols. Degree pro- 
gram provides lor intensive research experience 
and maximum student-lacully interaction. S7500 sti- 
pend with remission of fees and tuition available 10 
qualified Ph.D. students Write Dr Douglas F Bar- 
ofsky. Oregon Graduate Center. 19600 N.W Walk- 
er Road. Beaverton. Oregon 97006 


Hydrology! Tenure Traok Position at As- 
sistant or Assoolate Professor Levol. Can- 
didate should be n spec kill si in some quantitative 
aspect of hydrology with demonstrated skills in toi- 
mul&lmg hytliologic modols. and a backynwitvl hv 
transport phenomena Acadomic or profession .V 
credentials at Ph 0 levol required Slatting date 
negotiable but could bo as oaity as August 1 98? 
Rosumea. etc . should bo recowod by Mutch | 

1982 Interested persons should roquusl job de- 
scription Iroirv Dr E S Simpson. Chairman. 

Search Committee. Department pi Hydrology and 
Water Resources. Unwmsity ot Auzona. Tucson 
Anzono 85721 

Equal opportunity attmnaiivo action omployei 


Graduals Study In Oceanography Oceano- 
graphla Engineering. Roscirch AcsiM.tni- 
tihips iincl rij-.oarch Inllowjtiips am .ivailnhto fur 
qiadunto blurry m Physical nu<l Chonuml Or.tiimini- 
mphy, Oconnogriqihic Lugureoriruj amf Mminr Ge- 
ology nnd fii-ophyi.icc: Iw.iiluvj to ,i ph [> or *jr D 
dogroo confer red jointly by the Wools ttol-p Gcc-.in- 
oirapluc Insiiluiion unit tho M.v.sncluiselte Institute 
ol TochriolUNjy Tho nw irdo cover Imlion and pm 
vufo an avormjo monthly iiUfreo si.ponrt oi S5H0 in 
$590 Research topics avnii.ibte In student roller. t 
tho interests ot mo more tlmn 100 doctoral scion- 
lists and engineers ai WHOI nnd ihc- faculties of 
ten ilitloront rtopirtiunnls -it MIT 
Ttio program nncomagus applications l<oni r ,tii- 
donte with an unilergradunte dvgro» m any of the 
natural sciences nr enginot-mig Tor (tiJd,lioi> il in- 
toimatmn plenty cunt. in The MIT vVHOi Pro- 
gram in OkVliKKjr.iphy Oct'-in>.Mjrjph>. Erij-nyeui-..) 
■It hilliyr Thu Education OfliCO. The Woods Hole 
Oc»nna'|i.iph>i |itsl>tut>vn. V.'oo-ji Mote MA 0J54 1 
or fioom 5J-91 1 . I ho M-’iss.ictiusoiri institute ot 
TeLhnritogy. C.Vi>br,dqo. MA 0^13'i 


SERVICES. SUPPLIES. COURSES, 
AND ANNOUNCEMENTS 


a equal opportunlty/afllrmaUve action employer. 
I ^ MU B hl ,foni fll * qualified people 
| 01 race, religion, color, aex, disability. 

, status, national origin, age, or anceelry. 


Selimologlat/lfnlvarilty of Utah. Search 
extended: the Unlveraity ol Utah is expanding its 
geophysics program In the Department of Geology 
and Geophysics Sy'addlng a tenure track faculty 
member In seismology at the assistant to associate 
piofessoi level. Applicants with backgrounds and 
specialties In seismic reflection, seismic imaging, 
and theoretical seismology will be given preference. 
The Individual will be expected to teach undergrad- 
uate and graduate courses, end lo pursue an active 
research program with graduate students. The de- 
partment has modem teaching and research pro- 
grams In geology and geophysics, and has close 
associations with the numerical analysis and data 
processing groups In computer science, electrical 
engineering and mathematics. Tha geophysics 
component of (he department has strong research 
end teaching programs In seismology, electrical 
and electromagnellc melhods. thermal properties ol 


STUDENT OPPORTUNITIES 


Exxon Teaching Psllowahlp a I University 
of Michigan-Geological Sclonces. Ap.p'icn- 
lions are invited lor a Ihrue-year fellowship in ihe 
PhD program. Supported by the E»»0n Education 
Foundation Annual stipends will be S 12.000. 

SI 3,500, and SI 5.000 tor the tirsi. second and 
thud years, respectively, with lull waivers lor tuition 
and fees The successful applicant will be a person 
who. at the time of the award, intends io pursue a 
college teaching career, is extremely articulate and 
has a demonstrably high quantitative and verbal 
aptitude, and Is a U.S citizen permanent resident 
Regular admission and financial support applica- 
tions must be received before February 1, 1982 to 
be considered- An extensive background in geolog- 
ical and cognate sciences Is desirable Unsuccess- 


EST SERVICES. 5-:.e-rrt,fic Tmnglit .jns Fu.ire 
Russian to English Spaco'izirg m Hydrology. Wa- 
ter Resources, and the Earth Soencus pure re- 
search. unqmc-enng construction, systems 
sis. mathematical modeling E-periencud. c*tensi.o 
academe turning. 15 years professional o»pe'> 
once as a goohydrolog'Si Dona'd J Peroous. 3219 
Camino del Saquaro. Tucson. Arizona 85T06 <6021 
743-0B63 


COAL DEPOSITS. If you are financing, plan- 
ning. designing, exploring, drilling, or (tigging in 
connection wilh any form of energy, you need (his 
complete, up-to-date book about me -world s coal 
deposits. Includes production and re carves for 
mmes Hardcover. 6 • 9 inches. 590 pages Tatle 
ol contents, drawings, index, references. >980 
$156 Tatsch Associates. 120 Thunder Road. Sud- 
bury. MA 01 776 
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Thomas J. Ahrens (Tectonophyslcs) 


Nominees for Section Presidents 

laments of Candidates 

ijktofanls from all candidates for office of seclion pres- 


L will have been published by next month. Geodesy, 
neilsm and Paleomagnetiam, Hydrology, and Solar 
3 Relationships appeared in the December 15 is- 

P "? statements for Meteorology and Tectonophyslcs 
r below. The remainder will follow over the next few 


that one of the great values of the AGU to m 
KH^flisis Is to provide contact with their colleagues In 


■SlarnnA l hiuviuu coniaci wun ineir goiioayuou 

Cj(j 0 "^Physical sciences. By broadening their view to In- 




se Relations Officer, File # 090020. 

Rhode Island, 80 Lower College Road, 

An affirmative ectlon/equal opportunily ampf^y^jiL 

if. flfir 


behavior of the atmosphere. The Interaction 
^Physical disciplines is especially impor- 


m/f, ■ •; 0® 

Research Selentlst/Chemloal 

ph».. Prinoeton University. Departmani^^^^^T. 
oal and Geophysical. Sdencee has an oPPfwjV 

Ph D. chemical oceanographer 
1982 . Tha suoceseful applicant v^ll be 
Reid .and laboratory operallone for ga^ 
lyzfng, and IqlerpreUng Ra- 22 B/Rs- 2 w ___ 
data are avaBable the applicant Will ^^be 
ffertlQlpafe in, developing, 3 -D 
Experience In ; both radon aclntlllallon, cou!* 
alpha, epeptroscopy Ort necessary. 8 WH to * 
aM.Offefatlng'BOphlBltoafed progr^ 

COfn^uteraa 1 





France Gates (Meteorology) 


me- 


I 1 feln£ Dfa !? rns 8uch as weather modification and climate. 
on a hould be encouraged In, the training of 
of the Profession. I think the AGU's spec- 

. °®uTIDS. Cnntnmnruaa onri m ihllrfllinTlfl are Well 


fwoi 


n 9Si conterenoes, and publications are well 
““'ng such lnterdls< 
my full support. 


W^ateftam 109 8 » u< ? ^terdlsclpllnary interests, and 


White (Meteorology) 


01 ,h0 AQU Section on Meteorology Is ' 
^qoalKy of ected ’ ■ P ro P° 80 no major changes. ,To me, 


* society depends 5-1 the quality- : 3 

and dentine meetlnfls: AGU rates high , sphere neaasto.para 

P olr,t8 - 1 do favor-cdnalaptly. trying to lnh x . u/serthianYT 


Tectonophyslcs In Its broadest sense provides a synthe- 
sis of what we know of the solid earth, and Its pursuit as a 
basic science Is sodetally Important. I believe It Is becom- 
ing more and more appropriate for both the future of our 
society and our science for officers of organizations such 
as the AGU to speak out vigorously In favor of public, that 
Is, government, support for basic research In geophysics. 
Private support of basic and applied research In our society 
also needs continuing tax Incentives. A sound argument 
can be made for the Importance of earth and planetary sci- 
ences, Including geophysics, Jn the provision ot a continu- 
ing and growing framework for the exploration for hydrocar- 
bon, carbon, and nuclear fuels aa well as metallic and non- 
met'alllc raw materials, which both the developed and 
underdeveloped world will need In ihe foreseeable future. 
Geophysics has also demonstrated a role In such areas as 
the rationale for siting of facilities that are becoming In- 
creasingly Important lo our society, such as nuclear power 
plants, spent fuel repositories, and hydrocarbon P[P 0lin ® 8 
and terminals.- The Intelligent management of both fresh 
and geothermal water reservoirs as well as liquid wastes 
depends on many aspects of our underefanding of ihe 

physics of fluid flow In the earth’s crust. 

W It is dear that the products of geophystoal research have 
much to offer society In the reduction of hazards to life arxj 
properly from earthquakes. and volcanos. I strongly support 
■ current efforts to keep a deep-sea drilling program 'rtable. I 
believe scientific drilling, both on land and the seaftoor.ls. . 
needed to define the geophysical and geochemical environ 
ment ot the earth, which' bears heavily on the above Issues 
and provides constraints on the processes taking place In 

programs In 8 P a “ sc ^^ e 

and' the^ch0»SrtrY - 


the Tectonophyslcs Section as well as those of the Union, 
to find out the strengths and weaknesses of the seclion, 
and to sound oul the views and the advice of the members 
and of the present and past officers of the section. I will 
represent and promote to the best of my abllily Ihe Inter- 
ests of the Tectonophyslcs Seclion within the Union but will 
pul the well-being ot ihe Union ahead of that of any sec- 
tion. Our section has been very well run and led in the 
past, and I will try to emulate the example of our previous 
presidents. Since we are part of an American organization, 
I would like to see the national meetings of the Union 
switched much more regularly lo the larger cities all over 
the country. If recruitment of new members Is a problem to 
the Union— and it is— what belter way to recruit than by 
bringing our national meetings into various sections of tha 
country. 


Spring and 


support of solid-earth geophysics.; 
Johannes Weeiiman (Tectonophyslcs) \ " 


I'pornmi^nK. - . j-^j ^ tha ' 2 -y 8 ar period durlrtg vvhichl I am . 

J H<ilds.iAQU v ./ foX pUrpc^e Mr which 11 topbvlouslyln- 

-ithe hall? ■■gjgjj! ^ teopme ySiy.ffinfo-med aboul the dWrt ol 
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Congressional Science Fellowship 


The individual selected wilt spend a year on ihe staff 
of a congressional committee or a House or Senate 
member, advising on a wide range of scientific issues as 
they pertain to public policy questions. ' 


have a broad back* 


Prospective applicants shou 
ground In science, be articulate, literate, flexible, and 


able to work well with people from diverse professional, 
backgrounds. Prior experience in public policy is not :: 
necessary, although such experience and/or a demon- 
strabje inlerest In applying science to the solution of 
public problems Is desirable. 

The fellowship carries with if a stipend of up ttf . 
$25,000 plus travel allowances. 

Interested candidates should submit a letter of intent, 
a curriculum vitae; and three letters of recommendation 
to ACU. For further details, write Member Programs Dk 


vision. Congressional Fellowship Progtram* American 
Geophysical Union, 2000 Florida Aveiuie. N.W., Wash- 


ington, D.C. 20009. 

Deadline; Mirch 31, 1982.; 




